The current era of e-science and big data calls upon researchers to ensure the security and management of their research data. In this case study researchers from the University of Minnesota Libraries interviewed a graduate student research team and faculty advisor to provide an understanding of the educational gaps that need to be filled in order to graduate data-savvy engineers. This paper presents the needed data management skills with thoughts on how the engineering discipline and academic research libraries might partner on a shared training solution.
Introduction
The current era of e-science and big data challenges engineers to face not only research problems, but also cope with and manage digital results that can be replicated and preserved for future use. In structural engineering, projects like the Network for Earthquake Engineering Simulation (NEES), have begun to shape the digital curation skills required by researchers in the field. In 2010 The National M a n u s c r i p t
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3 surveying the nature of DM and research behavior within their local domain in order to develop the tools and education needed to help researchers in this pursuit.
The Data Information Literacy Project (http//wwww.datainformationliteracy.org), funded by a grant from the Institute of Museum and Library Services (IMLS), will result in models of scientific and engineering data literacy drawing on the expertise from the library science and information fields. The models --including information organization and representation, dissemination and preservation --will better serve the scientific and engineering disciplines. This project includes five disciplinary-based case studies, underway at four different institutions, each concurrently look at the DM skills needed by graduate students in science and engineering disciplines. As co-PIs on this project, the authors conducted in-depth interviews with a faculty member and four graduate students in a structural engineering research group housed in the Civil Engineering department at the University of Minnesota (UMN) to identify the DM skills needed to fully prepare students for their post-graduate research.
Here we summarize the case study findings and present the observed needs and DM skills for graduate students in structural engineering and outline potential learning objectives to meet these needs. As a follow up to this case study, our team will respond by developing and implementing a DM curriculum for our partnering research group to address these local needs (planned implementation for Fall 2012). A follow-up paper will report our educational intervention, subsequent student response, and assessment results of our approach.
Literature Review and Environmental Scan
The literature shows the importance of data management (see specifically the literature reviews of M a n u s c r i p t
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4 of a company's data are in doubt, stakeholders will lose confidence, trading will be affected and performance will suffer." (2005, p. 107) . Specifically in the discipline of civil engineering the call for thorough data management has been around for twenty years (Port 1992). Port wrote, " Therefore, the way in which engineers handle their data is of central importance to their efficiency and effectivenessthis makes data the 'lifeblood' of engineering activity." (1992, p. 133) .
Currently the civil engineering disciplinary expectations regarding teaching data management to its students remains poorly defined. In the sciences more generally the primary importance of skills surrounding data has been associated with introductory research methods courses and through related topics such as research ethics or laboratory sections. The topic of data literacy must be inferred into existing learning outcomes or other standards that touch upon data tangentially, usually under outcomes that focus on the overall experimentation process. It is possible that data management skills are being addressed, along with other information literacy skills, in student research experiences such as UROPs, research assistantships, or cooperative educational programs, but the current literature focuses primarily on information retrieval skills (Jeffryes and Lafferty 2012). One student in our study mentioned receiving some data management skills in an introductory research methods class, but considered it too early in their student career to be useful to their current research. The current integration of DM skills into the graduate curriculum are neither constant nor at their point of need. To address this gap in DM training for graduate students, Carlson et al (2012) expressed the need for a data literacy training program geared toward graduate students in their academic discipline. This research formed the Data Information Literacy Project, and with it, this case study.
Methodology
In the spring of 2012, the authors participated in a grant funded project to study the needs of graduate students in data management skills in five disciplinary case studies run at four research universities. The UMN case study interviewed members of a structural engineering research group consisting of one faculty member and four graduate students ranging in experience from a first year graduate student to a student in their final semester. The interview instrument used by the project is a modified version of the Data Curation Profiles Toolkit (Carlson n.d.) a tool used to gather detailed information about the practices, limitations, needs and opportunities for improving DM practices from the perspective of both the faculty member and graduate students in the subject area. The instrument and interviewee M a n u s c r i p t
handbook are available for reuse (DIL n.d.) . In addition, relevant documentation, including data set examples and supporting research practices, were collected and evaluated.
The interviews were conducted between March 13th, 2012 and April 20th, 2012. Structured one-to two-hour interviews took place in a library conference room using two handheld Samson H4 Zoom recorders each producing a .WAV audio file that a graduate assistant transcribed into Microsoft Word documents for analysis. In addition to the verbal questions of the interview, the interviewees each filled out a paper-based worksheet with corresponding questions to the interview questions. The observation data, including the data examples from the research group, the interview transcripts and audio files, and the interview worksheets, were analyzed, anonymized and compiled into an excel file for sharing among the five Data Information Literacy Project members.
Results of the Needs Assessment
Our case study generated four in-depth graduate student interviews, one faculty interview, and associated quantitative worksheet data providing a snapshot of the DM skills needed for structural engineering graduate students at the UMN. The analysis revealed several needs at various stages throughout the data life-cycle. It was clear that the students had no formal training in DM, something that could either hinder them in future research positions or in the least, create inconsistency with the generation and maintenance of structural research data during their student career at the university.
In the course of interviewing the graduate students, we noticed that certain steps in the data lifecycle were present regardless of the specific details of the research project (see Figure 1 ).
(Insert Figure 1: Data lifecycle synthesized from interviews)
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The students did not use a consistent vocabulary when describing these steps, but the same characteristics of activity appeared in each of the student interviews (Table 1) .
(Insert Table 1 : Data Life-Cycle Stages as described by the graduate students)
To analyze the skills and needs described in the interviews, the results were viewed in the context of each stage of the data life-cycle. A final stage (Stage 6: "Preservation") is included in our analysis below.
Although the students did not identify preservation as a step in their data life-cycle, critical aspects of this topic were mentioned throughout the data interview. These observations provide a foundation for a generalized approach to understanding the data interactions of structural engineering graduate students in a research group.
Raw Data
In the first module of the interview we asked the graduate students to describe the type of data with which they were working. All graduate students reported using sensor data as the crux of their research projects. Three out of four of the graduate students collect data for projects that generate real-time sensor data to monitor the performance of local bridges, while one graduate student generated experimental data and simulations on concrete column performance in simulated earthquake conditions.
The faculty interview highlighted the need for students to understand the potential hazards of collecting "bad" data and the faculty member thought a better understanding of how sensors collect data might help. Several students mentioned knowing about potentially disruptive elements such as temperature • two of the students inherited data from a previous graduate student.
• data collected from bridge monitoring projects can generate up to 400 individual files that can be as large as 10MB depending on the frequency of data collection.
• file formats collected by the students varied between ASCII text files to proprietary data files only readable with specialized, proprietary software.
Collection and Organization
In discussions regarding data collection and organization more trends emerged, appearing throughout each of our graduate student interviews. For example,
• students used date-based file naming structures, even when they weren't familiar with the concept of a file naming structure, as one student commented: "I've never even heard of a file naming system."
• students did not consider data security an issue and felt that they had adequate protections in place.
• back-up of their data was often sporadic or non-existent. Two of the students interviewed displayed some confusion about the concept of data backup versus data redundancy. For example, one student described their backup process as copying files to a separate folder on their desktop (which would not protect against theft or computer damage).
• students agreed that they had no formal DM instruction but had to rely on their peers, family, and previous experience for direction. One student described "I've had many projects with Excel files and stuff that I've needed to save, and I guess [I learned DM] just out of habit, mainly." Formal and informal documentation practices recording the data collection process and changes made to the data were ad hoc and varied (see Table 3 ). Only one student was familiar with the term metadata, responding "It means data captured and saved during the test." The other students each responded negatively when asked if they were familiar with the term. Regardless, all students were providing some level of metadata to the data they were working with, but the majority were not collecting or applying it in an intentional or formal manner.
When asked if the student had any means of documenting the DM steps for someone else to repeat, the inefficiencies of their own system were described. One student admitted, "I guess if I were to repeat
[the research project], I would probably do it in a different way. I could probably document what I've done and I probably will do so, but then I'll also suggest maybe keeping things a little less complicated." (Insert Table 3 : Documentation and Metadata Practices Reported by Structural Engineering Students)
Processing/Analysis and Results
Each of the graduate students described a process for analyzing, visualizing and making conversions of the data beyond the original raw data stage. The majority of the graduate students spoke of a process of converting ASCII text files into Excel for further manipulation and sense-making. One graduate student reported using a proprietary sensor program that allowed for data manipulation within their web-based software. Regardless of format, a process of further manipulation of the data was described, such as a 1943-5541.0000154 Copyright 2013 by the American Society of Civil Engineers M a n u s c r i p t
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11 process of removing "bad" data (i.e., bridge sensor readings contaminated due to construction), synthesizing the rough data using equations, and creating graphical representations of the data ("plotting"), all to better communicate their findings.
The faculty member held the graduate students' facility with Excel and Matlab in high esteem, but had some concern that students weren't receiving all the support they needed in more advanced data analysis, saying: "It's the relational databases…and their capabilities for statistical analysis that are a little weak. And there are courses they can take on campus for the statistical and the relational databases, so maybe it's something that we should be requiring. The problem is that if they're going to do a Master's thesis, they take only seven courses."
He echoed the sentiment for further development of student skills in this area by noting that further education on the strategy behind the data plotting would be beneficial. His ideal would be for graduate students to demonstrate an "ability to take the data and come up with a way of conveying it so that the reader can pick it up very quickly." Indeed one student described their process of creating data visualizations in Excel as "mostly trial and error."
The faculty member also specifically called out the need for students to be able to identify and track the quality of the data they are collecting, which may have been compromised by outside forces, such as construction on the bridge from which they are collecting sensor data. The professor commented that the students aren't currently tracking this aspect of their data analysis in the documentation, but " it would be nice, especially when they're collecting huge amounts of data, if we could somehow get measures of the quality of the data, statistically. And if we could use these measures to keep track of getting good data and when we're not getting good data." M a n u s c r i p t
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Sharing and Archiving
Each of the four students share their data in some way. One student shared their data in a formal process through the mandatory data archiving protocol of the NEESHub program, while the other students shared their data with state contractors, their advisor, and passed along findings to the next graduate student continuing the project.
Although students had little to no experience with data citation, when asked if they think it important, they reported an understanding of the value of this practice. A student explained, "because you need to know where this data is coming from, and obviously if it's not your own, then I feel like it's important to make other people aware that it is not data that you actually collected yourself."
As to the potential for other researchers to reuse their data, only one student felt their analyzed data was unique and therefore of potential value. The other students had a harder time imagining how their data might be useful to researchers outside of their specific project. Additionally, the graduate students demonstrated little to no knowledge of data repositories in their field or experience using someone else's data from outside their lab. One student did mention looking at another researcher's data in the literature review leading up to their experiment, but the data was found by chance and the repository was not a standard destination.
The graduate students also did not see the value in archiving similar data sets together in a subjectbased repository structure. Referencing the 35W bridge in Minneapolis which was rebuilt after the tragic 2007 collapse with sensors measuring strain in a similar way to the data obtained by our interviewee, the student noted "unless you could come up with some good way to compare the two sets of data, I
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13 don't know really what use it would be to collect them all into one place." The student did see the value of data repositories to save on space however, so that "there aren't 50 external hard drives floating around."
Issues around privacy and confidentiality were a complex issue for students working in state-contracted work analyzing bridge sensor data. Students knew to contact their advisor with requests to share the data owned by the state agency. One student described their caution with presenting the state funded data results at a conference, "I had to get permission from [the state contractor] first before I could even do that." However the reasons beyond "ownership" were unclear. The faculty member was able to explain the sensitive nature of the data when asked if the state agency had any specific interests in sharing this data beyond the agency. The professor replied: "That's a really good question. They would like to share data, as long as they can protect their interests. And I don't mean any advantage in having that data. What they're afraid of is this data represents measurements that are taken off of real bridges, and that can very easily be misinterpreted and used to undermine a bridge that's actually not in bad shape, and then present a bloated and incorrect scenario about how bad the bridge problem is. Or the claim that a bridge is in great condition, when in fact it needs to be replaced. For that reason, they are very, very, very unwilling to have anything like open access."
(Insert Table 4: Reusing and Sharing Data Responses by Structural Engineering Graduate Students) Preservation
In discussing the long-term access to data, several preservation concerns arose. The subjects identified multiple issues not currently being addressed in the research group such as physical storage (desktop Submitted July 6, 2012; accepted February 11, 2013 ; posted ahead of print February 13, 2013. doi:10.1061/(ASCE) EI.1943-5541.0000154 Copyright 2013 by the American Society of Civil Engineers M a n u s c r i p t
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14 computer used by each graduate student will eventually be recycled) and file migration (saved in proprietary and future incompatible version of Excel) for data stored in the lab.
Students were unclear who held the responsibility to preserve the data for long term access.
Additionally they were uncertain of the steps needed to be taken to preserve data for 20-50 years, or the life of the bridge. For example, one student suggested the contracting state agency held the responsibility for preserving the data and that they would keep the data "forever." When asked to identify the steps needed to preserve the data and if the state currently implemented those steps, the student responded: "I think that's just sort of what they do. Again, because they've had issues in the past where people have completed projects and then others have wanted to repeat them or go more into depth with them and then haven't been able to find any of the original data for it, so I think that's kind of just their policy." When asked for steps to preserve the data set the graduate student reported, "Just putting them onto that hard drive and making sure it doesn't melt I guess."
(Insert Table 5: Preservation Responses by Structural Engineering Graduate Students)
In our conversation with the faculty member the issue of data versioning for long-term access and preservation arose. Along with identifying and implementing steps to preserve and store data in the long-term, researchers must also choose which versions of their data should be preserved for future use and authenticity. The professor responded to the issue of versions: "This is an interesting problem.
There are actually multiple stages and multiple things that you do [to the data], and so how many data sets do you store? Clearly, you want the raw data. That's the purest form. And clearly you want the data that you think has been completely digested as you think it needs to be. But how many of the intermediate stages do you want to keep?" Submitted July 6, 2012; accepted February 11, 2013; posted ahead of print February 13, 2013 . doi:10.1061 /(ASCE)EI.1943 Copyright 2013 by the American Society of Civil Engineers M a n u s c r i p t
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Summary Data Management Skills Needed by Graduate Students in Structural Engineering
Based on our analysis the following DM skills were uncovered as important educational needs for graduate students participating in structural engineering advanced degree programs.
(Insert Table 6 : Summary of Needed Data Management Skills)
Conclusions
As mentioned above, the Data Information Literacy Project will result in five instructional approaches that pair faculty and librarians to educate graduate students in DM skills, with the ultimate outcome of producing data literate researchers. The results of this local study will be used to develop and implement an educational model based on a set of learning outcomes targeting the perceived greatest needs of graduate students that arose in the interviews. In this mutually beneficial partnership, the librarians bring their expertise in organizing and managing information and to apply to the curation of research data. At the same time, the civil engineering faculty member can bring examples and target the skills that will speak to the students' experiences and fit within the disciplinary norms.
Currently the integration of these skills into the graduate level curriculum remain completely voluntary.
Students graduating have no guarantee of receiving formal education in the best practices of data management. Many students only learn through informal word-of-mouth instruction or address the problem when they suffer their own data loss. As the expectation for data accountability grows, the discipline of civil engineering needs to formally address this gap in the core competencies outlined in the BOK. As shown above in the literature review in the current edition of the BOK, data management skills can only be inferred (and then inferred with creativity) in Outcome 13 and Outcome 16. The authors Submitted July 6, 2012; accepted February 11, 2013; posted ahead of print February 13, 2013 . doi:10.1061 /(ASCE)EI.1943 Copyright 2013 by the American Society of Civil Engineers M a n u s c r i p t
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16 recommend using this case study as a starting point in the conversation of disciplinary norms. A replication or adaptation of this process administered more widely would gauge the DM needs of students across institutions in the civil engineering field. Once the educational gaps have been identified, the BOK should be updated to explicitly address these skills, either incorporating them into one of the existing outcomes or including an additional outcome devoted to this emerging facet of responsible, high quality research.
This study provides a snapshot of the DM skills needed by graduate-level civil engineering students that not currently being met in a formal manner by the education outcomes of either the engineering discipline generally, or civil engineering specifically. This paper provides a starting point in the conversation of formalizing the skills necessary to produce data literate researchers across the discipline.
Twenty years ago Port wrote, "In the computer age, the scope for such confusion has been increased, as there might be plots and prints made, data files on hard-disc, back-ups on floppy discs, archived data on magnetic tape and data files transferred around local-area or wide-area networks." (1992, 134) .
In 2012, our faculty partner reported, "The skills that they need are many, and they don't necessarily have it and they don't necessarily acquire it in the time of the project, especially if they're a Master's student, because they're here for such a short period of time. "
It is time for the civil engineering community to stop talking about the gaps in this skill set of data management and start making progress towards formally addressing them in the educational outcomes of the next generation of engineers. Varies. "We write our own descriptions of the data within the excel files when the data are compiled."
Students described their ad hoc processes to document the data, such as labeling columns in excel. Additional information, such as the bridge sensor locations, were held in multiple and locations separate from the data files (eg. email correspondence or schematic drawings).
Reproduction: Is there sufficient documentation to reproduce the data?
Yes (100%) One student described the experience with a NEES project and explained why documentation was required, "Because when we share those data on NEES, it's not gonna work if someone wants to share the data that nobody else can use.
There is a standard way, which is stated by NEES."
Reuse: Is there sufficient documentation to understand and use the data?
Yes (100%) The faculty member was not as positive as the students and rather thought that the current documentation would be "mostly" sufficient to allow a researcher in the lab to use the data, but only "maybe" sufficient for someone outside the lab.
Standards: Are there standard practices in your discipline to organize, document, or describe data?
I don't know (75%)
No (25%)
One student may not have understood the practice of data management standards and commented "I think if i were to do it differently. I would just have fewer excel files."
Metadata: Are you familiar with the concept of metadata?
No (75%) "actually, I've never heard that word before"
Yes (25%)
The necessary metadata to enable search, discovery, and interoperability are not understood by a majority of students interviewed.
